3EST AVAILABLE COPY 



Europalsches Patentamt 

European Patent Office @ Publication number: O 045 1 83 

Office europgen des brevets A2 



© EUROPEAN PATENT APPLICATION 

© Application number: 81303374.3 © Int. CI.': G 11 B 7/24, B 41 M 5/24 

@ Date of filing : 23.07.81 



® Priority: 25.07.80 JP 102101/80 
11.08.80 JP 11 0054/80 
27.08.80 JP 118103/80 
18.12.80 JP 179375/80 


© 


Applicant: Asahl Kasei Kogyo Kabushlki Kalsha, 2-6, 
Dojimahama 1-chome Kfta-ku, Osaka-shl Osaka 530 (JP) 


@ Date of publication of application : 03.02.82 
Bulletin 82/5 


@ 


Inventor: Mori, Koichl, 353-6, Mlyashlta, FuJI-shl 

Shlzuoka-ken (JP) 

Inventor: Nakao, Masafuml, Asahl 

Kasel 5-Ryo, 100 Kawanarfjlma, FuJi-shl Shlzuoka-ken 

(JP) 

Inventor: Morimoto, Isao, Endo-Apart 

A-33, 68 Aoshlma-cho, FuJI-shi Shlzuoka-ken (JP) 


® Designated Contracting States: BE DE FR GB IT NL 


® 


Representative: Blake, John Henry Francis et ai, 
BROOKES AND MARTIN High Holborn House 52/54 High 
Holborn, London WC1V 6SE (GB) 



Recording material. 



® A recording material for heat mode recording comprising 
a substrate (1) and a metallic recording layer (2). further com- 
prises at least one layer (5) of a mixture of a metallic compound 
and a metal, preferably on the side of the recording layer (2) 
which is intended to be irradiated with an energy source (7). 
This material has been found to have a high sensitivity and a 
high signal to noise ratio. When the recording material further 
comprises a stabilizing layer (3) of a metal oxide and/or a stabi- 
lizing layer (4) of a metallic compound, the storage stability and 
archivability can be improved, and, in some cases, the signal to 
noise ratio can be further improved. 
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RBCORDING MATERIAL 



This invention relates to an information recording 
material suitable for use in heat mode recording. More 
particularly, this invention relates to an information 
recording material having excellent characteristics such 
as a high sensitivity and a high signal-to-noise ratio. 

Information storage systems in which information 
is stored by selective ablation, evaporation, removal 
or modification of a recording medium irradiated spot- 
wise with a focused beam of laser or the like having 
high density or strong energy are known as the so- 
called heat mode recording process to those skilled 
in the art. The heat mode recording process is a dry 
process which does not need chemicals or treating 
solutions and in which a real-time recording can be 
made. According to this process, information can be 
quickly recorded in a high contrast form with a large 
capacity in respect of amount of information recordable 
per unit area of recording medium, and additional 
information can be recorded later. Due to such 
advantages, the heat mode recording process is of wide 
application in the field where a microimage recording 
medium, a computer-output microfilm, a video disk, a 
computer signal memory medium or the like is involved. 
IIIIJiP^lLeat mode reqt*ding UPdium such as is us^ 
particularly as the video disk or the computer signal 
memory medium generally comprises an information record- 
ing layer formed on a suitable substrate such as a 
circular plate or disk of glass or a synthetic resin. 
When a laser beam pulse-modulated is focused on the 
recording layer rotated at a high speed, holes of 



BNSDOC1D: <EP 0045183A2J_> 



.0045183 

-2- 

about 0.6 to 1.5 p in width are formed in the areas where 
the recording layer is irradiated with the laser beam, whereby 
information is recorded in the recording medium. The positions 
and sizes of the formed holes depend on the wave form of laser 
beam utilized, and correspond to the inputted information. The 
readout of the information stored in the recording medium is 
carried out by applying to the recording medium being rotated 
at a high speed a focused weak laser beam whose intensity is 
lower than the threshhold value to produce a hole in the record- 
ing layer, and detecting the variation of the reflected light. 

The characteristics required of a heat mode recording 
medium are not only high sensitivity but also a high signal- 
to-noise ratio (hereinafter referred to as "S/N ratio"), storage 
stability, archivability and the like. It is necessary for 
attaining a high S/N ratio in a video desk, a computer signal - 
memory medium or the like that the holes formed in the record- 
ing medium upon the selective ablation by a laser beam are sub- 
stantially free of irregularities or disorders, and that an 
information readout light beam reflectivity or transmittance difference 
between the opening areas and the non-opening areas of the 
recording medium is as great as possible, which is equivalent to 
saying that the contrast is as high as possible. The terms 
"hole" and "opening" used herein are intended to mean ablated 
portions in which information is permanently stored by selec- 
tive ablation of the recording material by means of an intensity 
modulated laser beam or the like. 

Conventional recording media or materials used in heat 
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mode recording or the liJce include those comprising a layer of an inor- 
ganic material such as a metal or a metallic compound and those 
comprising a layer of an organic material such as a dye, a pigrrent or a 
mixture thereof with a plastics. For recording information on 
such recording materials, the layer of the inorganic or organic material is 
irradiated with a laser beam, to be evaporated or deformed in 
part to form a hole, or is caused to be subjected to a partial 
chemical change such as a change in degree of oxidation or in 
light absorptivity or reflectivity. In the case of the partial 
chemical change, the sensitivity of the recording material is 
so insufficient that the contrast between the changed areas 
and the unchanged areas is too low to obtain a high S/N. ratio, and 
the archivability of the recorded material is too poor to be 
satisfactory in a practical sense. On the other hand, in the 
case of the hole formation which is carried out by evaporating 
part of the recording layer provided on a substrate or 
by deformation-removing part of the recording layer provided 
between a substrate and a stabilizing layer without evaporation, 
the recording material used in the former evaporation method 
>s relatively good but still unsatisfactory in a practical 
sense in sensitivity and S/N ratio and defective in 
storage 'stability and archivability under a high humidity and 
in an oxidating atmosphere since its recording layer is exposed 
to the air for enabling the evaporation, while the recording 
25 material used in the latter deformation-removal method is 

satisfactory in storage stability and archivability due to the 
presence of the stabilizing layer but unsatisfactory in sensi- 
tivity and S/N ratio. 
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We previously made extensive investigations with < 
a view to eliminating the drawbacks accompanying 
the conventional heat mode recording materials and 
succeeded in attaining some improvements in 

5 sensitivity and S/N ratio by providing first and 
second stabilizing layers sandwiching the metallic 
recording layer, said first stabilizing layer 
being comprised of an auxiliary metal oxide layer 
and an inorganic compound layer for converting the 

10 auxiliary metal oxide layer to a surface-flat 

glassy material. However, the attained improvements 
are not completely satisfactory, especially as 
regards sensitivity and the shape of the holes 
formed upon irradiation of a laser beam, which 

15 holes are desired to have minimized disorders or 
irregularities at the edge portions. 

In accordance with the present invention , there 
is provided a recording material comprising a 
substrate, a metallic recording layer supported by 

20 said substrate, and at least one layer of a mixture 
of a metallic compound and a metal, said at least 
one layer (hereinafter called "mixture layer") being 
provided on at least one side of said metallic re- 
cording layer. A high sensitivity and -a high S/N ratio 

25 can be attained by providing the mixture layer of the 
metallic compound and the metal preferably on the 
same side of the metallic recording layer as is 
intended to be irradiated with a lser beam. 

* The foregoing and other features and advantages 

30 of the present invention will be apparent to those 
skilled in the art from the following detailed 
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description and appended claims taken in connection 
with the accompanying drawings in which: 

Fig. 1 is a cross-sectional view of one form 
of a recording material according to the present 
invention ; 

Fig. 2 is a cross-sectional view of another 
form of a recording material according to the present 
invention; 

Fig. 3 is a cross -sectional view of still another 
form of a recording material according to the present 
invention; and 

. Fig. 4 is a graph showing variations of light 
reflectivities in the opening areas and in the non- 
opening areas of a recording material according to 
the present invention subjected to information 
recording and information readout in accordance with 
the thickness of the mixture layer of the recording 
material . 

According to one embodiment of the present 
inven t ion , the 
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mixture layer is provided on the metallic record- 
ing layer formed on the substrate, and a stabilizing layer of 
metal oxide is preferably provided between the substrate and 
the metallic recording layer. The mixture layer in this embodi- 
5 ment not only exerts the effects as described above, but also 
serves as a protective layer for the metallic recording layer 
and/ hence, provides an excellent storage stability and 
archivability. In this recording material, recording is prefer- 
ably effected by laser beam ablation through the mixture layer - 

10 This is because, when recording is effected by laser beam 

ablation through a transparent substrate, not only 1.5 to 2 times reduc- 
tion in sensitivity is caused as compared with the case where 
recording is effected by -laser ..beam ablation through *the mixture 
layer but also irregularities or disorders appear in the edge por- 

15 tions of holes formed to provide a lowered S/N ratio. The record- 
ing material may further comprise, if desired, a stabilizing 
layer of metallic compound provided either between the metallic 
recording layer and the mixture layer, or on the mixture layer. 
According to another embodiment of the present invention, 

20 the mixture layer is provided between a trasparent substrate 

and the metallic recording layer. In this case, recording can 
advantageously be effected by laser beam ablation through the 
transparent substrate without the above-mentioned problems of 
the first embodiment being encountered. When recording on a 

25 recording material according to this embodiment is effected 

from the side of the metallic recording layer, poorer results 
are obtained as to sensitivity and shape of holes. On the 
metallic recording layer, a stabilizing layer of metallic compound, which 
provides protection for the metallic recording layer, is 
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preferably formed. According to need, a stabilizing layer of metal 
oxide can be further formed either between the transparent 
substrate and the mixture layer or between the mixture layer 
and the metallic recording layer. The recording material 
according to this embodiment is excellent in sensitivity and 
S/N ratio even in the case of laser beam ablation through the 
transparent substrate as well as storage stability and archi- 
vality. 

According to still another embodiment of the present 
invention, the mixture layers of the metal and the metallic 
compound are provided on both the upper and lower sides of 
the metallic recording layer, and these layers are 
supported on the substrate. If desired, a stabilizing layer 
of metal oxide may be provided between the substrate 1 and the 
15 lower mixture layer, or between the lower mixture layer and 
the metallic recording layer, and/or a stabilizing layer of 
metallic compound may be provided either between the metallic 
recording layer and the upper mixture layer, or on the upper 
mixture layer. The provision of the tro, upper and lower, mixture 
layers sandwiching the metallic recording layer therebetween 
not only contributes to the minimization of irregularities or 
disorders of shape of holes, but also brings about such an 
effect that a light beam reflectivity difference or contrast between 
the opening areas and non-opening areas of the recording 
material on which information is stored by laser beam ablation 
is greatly increased. As a result, the S/N ratio is greatly 
increased according to this embodiment. It is to be noted that, 
when the recording material has only one mixture layer, such 
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an information readout light beam reflectivity difference or contrast is 
highly dependent on the thickness, composition and nucrostxucture 
of the mixture larger , and is small when the light reflec- 
tivities are low. 

5 Referring now to Fig. 1, one form of a recording material 

according to 1:he present invention comprises a substrate 1, a 
first stabilizing layer 3 of a metal oxide , a metallic record- 
ing layer 2, a second stabilizing layer 4 of a metallic com- 
pound which may optionally be omitted , and a mixture layer 5 

10 of a metallic compound and a metal. The second stabilizing 

layer 4 interposed between the metallic recording layer 2 and 
the mixture layer 5 may be shifted on the mixture layer 5. In 
this recording material, recording may be effected ]Jy laser 
beam (shown by an arrow 7) ablation through the mixture layer 

25 5 and, if present, the second stabilizing layer 4. 

Fig. 2 shows another form of a recording material accord- 
ing to the present invention in which recording may be effected by 
selective laser beam (shown by an arrow 7) ablation through a 
transparent substrate. This recording material comprises a 

20 transparent substrate 1, a mixture layer 5 of a metallic com- 
pound and a metal, a fixst stabilizing layer 3 of a metal oxide 
which is formed if desired, a metallic recording layer 2, and 
a second stabilizing layer 4 of a metallic compound. The 
first stabilizing layer 3 interposed between the mixture layer 

25 5 and the metallic recording layer 2 may be shifted between the 
substrate 1 and the mixture layer 5. Thus, the mixture layer 
5 and the optional first stabilizing layer 3 are interchange- 
able in position. 
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*Fig. 3 shows still another form of a recording material 
according to the present invention which comprises a (trans- 
parent) substrate 1, a first mixture layer 5 of a metallic 
compound and a metal, a first stabilizing layer 3 of a metal 
oxide which may optionally be omitted, a metallic recording 
layer 2, a second stabilizing iayer 4 of a metallic compound 
which may optionally be omitted, and a second mixture layer 
6 of a metallic compound and a metal. The optional first 
stabilizing layer 3 interposed between the mixture layer 5 and 
the metallic recording layer 2 may be shifted between the sub- 
strate 1 and the mixture layer 5. Thus, the first mixture layer 
5 and the optional first stabilizing layer 3 are interchange- 
able in position. Also, the optional second stabilizing layer 
4 interposed between the metallic recording layer 2 and the 
15 mixture layer 6 may be shifted on the mixture layer. Thus, the 
optional second stabilizing layer 4 and the second mixture 
layer 6 are interchangeable in position. In this recording 
material, recording may be effected by laser beam (shown by an 
arrow 7) ablation from either the upper or the lower (the substrate 
20 must be transparent) side of the recording material. 

As examples of the substrate • to be used in the recording 
material of the present invention, there can be mentioned films 
and plates of inorganic materials such as glass, mica and alloys 
of aluminum; and organic materials, for example, polymers such 
25 as polyesters, . polypropylene, polycarbonate, polyvinyl chloride, 
polyamides, polystyrene and polymethyl methacrylate and modified 
polymers derived therefrom, copolymers of monomer units of the 
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above polymers and blends thereof. Of such materials of the 
substrate r especially preferred are films and plates of poly- 
esters and of polymethyl methacrylate. When the smoothness of 
i 

the surface of the substrate itself has a great influence on 
the S/N ratio of a recording material as in the case of a 
video disk or the like, there may be employed a substrate 
obtained by coating a separately prepared film or plate with one of 
the above-mentioned polymers, for example, by -a spin coating 
technique. 

The mixture layer (s) of a metallic compound and a metal 
contribute (s) to suppressing the occurrence of minute disorders 
in holes formed upon laser beam ablation, and to increasing the 
sensitivity of the recording material. In addition? in the 
case of two mixture layers being provided on both the sides of 
the metallic recording layer, as illustrated in Fig. 3, there 
is an increase in the reflectivity difference or contrast 
between the opening areas and the non-opening areas of the record- 
ing material subjected to laser beam ablation. 

The reason for the suppression of minute disorders in the 
shape of holes by the provision of the mixture layers are 
believed as follows. Although the theoretical analysis of the 
hole-forming mechanism of heat mode recording media has not been 
fully made as yet, (1) viscosity of the metal of the metallic 
recording layer when molten, (2) surface tension of the metal 
when molten and dispersed, (3) physical rigidities of layers 
adjacent to the metallic recording layer, which rigidities 
affect the metal melting and deforming performances, (4) heat 
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scattering towards the surroundings affecting the solidifica- 
tion of the molten metal, (5) crystalization of the molten 
metal upon the solidification thereof , etc. are believed to be 
able to be mentioned as factors affecting the shape of holes 
5 formed upon selective ablation by a laser beam. Among them, the 

factors mentioned under (2) [iji the case of the mixture layer contacted with 
the metallic recording layer], (3) and (4) are believed to be 
favorably affected by providing the mixture layer (s) to produce 
synergistically the desired effect of suppressing disorders in 
10 the shape of holes formed. 

Since the mixture layer of the recording material accord- 
ing to the present invention has a secondary effect of reducing 
the reflectivity of the recording material, the sensitivity of 
the recording material will be increased by providing the 
mixture layer on the same side of the metallic recording layer 
as is intended to be irradiated with a monochromatic light- 
such as a laser beam. However, if the reflectivity is too low, 
such a problem might arise that the information readout light 
beam reflectivity difference between the opening areas and the 
non-opening areas of the recording material subjected to laser 
beam ablation may be too small highly depending on the thickness, 
composition, microstructure, etc. of the mixture layer employed. 

According to an embodiment of the present invention, the 
problem of low contrast or reflectivity difference as described 
25 above can be solved by providing a specific mixture layer of 
a metallic compound and a metal on each side of the metallic 
recording layer. Both the upper and lower mixture layers may 
be the same in every respect, but in order to attain a higher 
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contrast or reflectivity. difference, they are preferably 
different from each other in combination of kinds of metallic 
compound and metal used, volume percentage of the metal dis- 
persed ^therein, or thickness thereof. The differences in 
5 various respects as mentioned above between the upper and the lower 
mixture layers may result in. different optical characteristics, 
such as refractive index and coefficient of extinction, between the 
upper and the lower mixture layers. Thus, the desired reflectivity 
difference or contrast can be obtained by adjusting those 
10 optical characteristics. 

As can be well imagined when reference is made to Fig. 4 
which shovs a relationship between the reflectivity of a record- 
ing material according to the present invention sub5ected to 
information recording by . laser beam ablation and the thick- ' 
.15 ness of the mixture layer thereof and wherein the reflectivity 
in the opening areas is represented by the dotted line and the 
reflectivity in the non-opening areas is represented by solid 
line # in the case of the upper and lower mixture layers having 
same combination of kinds of metallic compound and metal 
the same volume percentage of the metal; th^information 
readout light beam reflectivities in the opening areas and the 
non-opening areas of the recording layer of the recording 
material respectively change sinusoidally in substantially 
the same manner with a phase lag of appoximately half -wave 
25 length in accordance with the change in thickness of the mixture layers ; 
and the information readout light beam reflectivity difference 
therebetween has a maximum value in the reversal state of the tvo 
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sinusoids at about 150A in thickness of the mixture layers 
although the difference may vary depending on the kinds of 
metallic compound and metal used in the mixture layers. The 
variation of either combination of kinds of metallic compounds 
5 and metals employed in the upper and '.lower mixture layers or 
of volume percentage of the metal dispersed in the mixture layers entails 
a change in and can give a maximum value of the information readout light 
beam reflectivity difference as in the case described above- 
Therefore, the information readout light beam reflectivity 

10 difference between the opening areas and the non-opening areas 
can be increased by the proper selection of combination of 
kinds of metallic compounds and metals employed in the - mixture 
layers , volume percentages of the metal dispersed iri* the mix- 
ture layers, and the thicknesses of the mixture .layers, leading 

15 to a high contrast and hence a high S/N ratio. 

From a viewpoint of operating efficiency, it is advisable to 
prepare a recording material with a high contrast or reflec- 
tivity difference by choosing the most favorable volume . per- 
centage of the metal in each mixture layer and setting the 

20 thickness of each mixture layer as small as possible without 

varying the combination of metallic compound and metal between 
the upper and lower mixture layers. More specifically, for 
example, in the case of a kind of recording material which 
includes two mixture layers being the same in composition and 

25 thickness and formed on each side of a metallic recording 
layer supported by a transparent substrate, and in which, 
after information recording, the readout of information is to 
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be effected by means of information readout light beam reflec- 
tivity difference by the irradiation with light through the 
transparent substrate; when the reflectivity in the opening 

areas of the recording material is greater than that in the 

© 

non-opening areas (for example, around 300A in thickness in 
Fig* 4), a highly increased jS/N ratio can be accomplished by 
setting the volume percentage of the metal dispersed in the 
mixture layer interposed between the substrate and the metallic 
recording layer greater than that in the mixture layer on the 
opposite side for increasing the reflectivity in the opening 
areas; while **ien the reflectivity in the opening areas is smaller 

o 

than that in the non-opening areas (for example, around 150A 
in thickness in Fig- 4) , a highly increased S/N ratio can be 
attained by setting the volume percentage of the metal dispersed 
in the mixture layer interposed between the substrate and the 
metallic recording layer smaller than that in the opposite 
mixture layer on the opposite side. 

The mixture layer (s) of the recording material of the_ 
present invention is (are) comprised of a metallic compound 
and a metal. 

As the metallic compound to be used in the mixture layer, 
there may be employed any of those capable of forming a layer 
or film of a mixture with a metal. Preferred are oxides and 
fluorides of Be, B, Mg, Al, Si, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, 
Ni, Cu, Zn, Ga, Ge, As , Sr , Y, Zr, Nb, Tc, Ru, Rh, Pd, Ag, In, 
Sn, Sb, Ba, La, Hf, Ta, Re , Ir, Tl, Pb, Bi, Dy, Er, Gd, Nd, Pr, 
Ce, Mo, W, Te and Sm. More preferred are Al 2 0 3 , ZrQ 2 , C* 2 0 3' 
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Ge0 2 , Si0 2 , Sn0 2/ Bi^, As^, Sb^, Ta^, Sm^, TiC> 2 , CeO.,, 
• La 2°3 and Dy 2°3' Glass- forming oxides such as SiO , GeO and 
A1 2 0 3 are especially useful for preventing the oxidation-deteri- 
oration of the metallic recording layer to stabi- 
lize the metallic recording layer, since they are excellent in 
shielding properties due to their amorphous network structures. 
These metallic compounds may be used either alone or in combina- 
tion. 

As the metal to be used in the mixture layer, there may 
be employed any of those capable of forming a film or layer of. 
a mixture with a metallic compound as described above. Prefer- 
red metals are Al, si, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, 
Ga, Ge, As, Sr, Y, Zr, Nb, Tc, Ru, Rh, Pd, Ag, In, Sn, Sb, La, 
Hf, Ta, Re, Ir, Tl, Pb, Bi, Dy, Er, Gd, Nd, Pr, Sm, Mo, Au, 
Pt, W, Se and Te. These metals may be used either alone or in 
combination . 

The mixture layer of the recording material of the present 
invention is preferably of such a structure that the metal is 
dispersed, in the form of minute particles having diameters or sizes 
smaller than the wave length of a laser beam to be employed for 
recording, in the metallic compound which serves as a dielectric 
medium.. This structure can be obtained relatively easily by 
employing such a combination of kinds of metal and metallic 
compound that the free energy of formation of oxide or fluoride 
of the metal is greater than that of formation of the metallic 
compound . 

The mixture layer can be formed by co-evaporation-deposition or co- 
sputtering of the metallic compound and the metal as described 
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above which are separately contained in heating vaporization 
boats or electron beam evaporation crucibles. The mixture layer 
can alternatively be formed by using a pelletized mixture of 
the metallic compound and the metal according to a conventional 
film-forming technique such as electric resistance heating 
evaporation-deposition, electron beam evaporation-deposition 
ion-plating or sputtering. The vacuum evaporation-deposition 
technigue is preferred because it is not only simple in opera- 
tion but also excellent in reproducibility . From a viewpoint of 
stability of the mixture layer, it is desirable to effect the 
deposition under a pressure of 10~ 5 Torr or less. The thick- 
ness of the mixture layer may be in the range of 50 to 1,00QA, 
preferably 100 to 800A. The volume percentage of the metal 
dispersed in the mixture layer may be in the range of 10 to 
80%, preferably 20 to 60%. 

As the metal for forming the metallic recording layer, 
there may be employed any of those which are well Tcnown in the 
art as the material capable of performing recording. From a 
viewpoint of sensitivity of the recording material, preferred 
metals are those with a low melting point such as In, Sb r Bi, 
Sn, 2n, Pb, Mg, Ge, Ga, Tl , Cd, As, Se and Te. From a view- 
point , of storage stability or archivability of the record- 
ing material, preferred metals are Au, Rh and Al. These metals 
may be used either alone or in combination in the form of an alloy or a mixture 

In the case of a recording material comprising a metallic 
recording layer supported by a transparent substrate, and a 
mixture layer of a metallic compound and a metal, provided 
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between the metallic recording layer and the substrate, the 
above-mentioned metals can of course be utilized for forming 
the metallic recording layer, but it is desirable to employ a 
specific bismuth alloy containing a specific amount of anti- 
mony, which alloy gives better results in respect of sensitiv- 
ity and shape of holes to be. formed. 

It is disclosed in Japanese Patent Application Laid-open 
Specification No. 48838/1980 that a film of a bismuth alloy 
containing antimony in an amount of 1 to 15% in number of 
atoms provides a recording material having high S/N ratio and high 
storage stability. Hcwever, when a recording material of such a construc- 
tion as described above is subjected to recording by the irradiation 
with a laser beam through the transparent substrate? the use of 
a film of bismuth alloy containing antimony in an amount of 
16 to 30% in number of atoms gives better results, as to 
S/N ratio and sensitivity than the use of a film of the conven- 
tional bismuth alloy containing antimony in an amount of 1 to 
15% in number of atoms and better results as to recording 
characteristics, including S/N ratio and sensitivity, than the 
use of one of the well-known metals with a low melting point. 

The layer of a bismuth-antimony alloy with the high antimony content 
as mentioned above may further contain one or mare of other elements for 
the purpose of improvement of sensitivity and shape of holes to be 
formed. As such other elements, there can be mentioned Sn, Zn, 
In, Pb, Mg, Au, Ge, Ga, Tl, Cd, As, Rh, Al r Se, Te and the 
like. In order to minimize minute disorders or irregularities 
in a hole formed upon irradiation with a laser beam, it is most 
desirable to employ such a bismuth alloy for forming the 
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recording layer that the bismuth content is in the range of 
50 to 84% in number of atoms. 

A recording material according to the present invention 
which comprises a metallic recording layer of a bismuth alloy 
5 containing antimony in an amount of 16 to 30% in number of 
atoms and a mixture layer interposed between the metallic 
recording layer and a transparent substrate, is capable of 
providing a high S/N ratio and a good shape of holes to be formed, probably 
because a peculiar effect is brought about by the combined 
10 action of the specific recording layer and the mixture layer 
upon irradiation with a laser beam through the transparent 
substrate . 

As described hereinbefore, there are the factor's (1) to 
(5) affecting the shape of holes formed by the information 

15 recording operation. When recording is effected ^by laser beam 
ablation through the transparent substrate, the factors (33 
and (4) are believed to be favorably affected by the provision 
of the mixture layer to produce a synergistic effect for pro- 
viding a regular or orderly shape of holes formed. 

20 The metallic recording layer of the recording material of 

the present invention may comprise either a single layer struc- 
ture or a multiple layer structure. When two or more kinds of 
metals are employed in combination, they may be included in - 
the metallic recording layer in any form of a single layer 

25 structure of an alloy, a multi-layer structure of respective 

layers of different metals , a multi-layer structure of a layer 
of a single metal and a layer of an alloy, and the like. In 
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order to obtain a recording material capable of providing 
excellent and regular profiles of holes, a multi-layer structure 
of respective layers of different metals is desirable. 

V7hen a combination of bismuth and antimony in an amount 
of 16 to 30% in number of atoms is employed as the metallic 
recording layer in the case of a recording material comprising 
the mixture layer of the metal and the metallic compound bet- 
ween the transparent substrate and the metallic recording layer, 
the recording layer may be in any form of those structures 
described above so long as the total amount of antimony in the 
metallic recording layer is within the range described above. 
It is, however, to be noted that even if bismuth and antimony 
are deposited in separate layers, they are believed to form a Bi-Sb alloy. 

The metallic recording layer may contain small amounts of 
oxides such as a suboxide of the metal used therein as far as 
the oxides do not spoil the properties required of the metallic 
recording layer. 

The metallic recording layer may be formed by means of a 
conventional film- forming technique, for example, vacuum 
evaporation-deposition, sputtering, ion-plating, electroplating, 
electroless plating or plasma deposition. 

As m the method for forming the metallic recording layer, the 
vacuum evaporation-deposition technique is preferred because 
it is not only simple in operation but also excellent in re- 
producibility, in order to obtain a recording material having 
not only a high sensitivity but also excellent storage stability 
and archivability even at high temperatures and high humidities, 
it is desirable to effect the evaporation-deposition under high 
vacuum, for example, under a pressure of 10~ 5 Torr or less. 
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The thickness of the metallic recording layer may be varied 
according to the use of the recording material, but is prefer- 

o 

ably in the range of about 100 to 5,000A, more preferably 200 
to 600A. 

5 In recording materials such as is illustrated in Fig. 1 to 

3, there are provided a first stabilizing layer 3 of a metal 
oxide and a second stabilizing layer 4 of a metallic compound, 
respectively* The terms "first stabilizing layer" and "second 
stabilizing layer" are used herein to mean layers respectively 

10 provided under and over the metallic recording layer to improve 
the stability of the metallic recording layer against deterio- 
ration by oxidation and the like. The first stabilizing layer, 
when provided between the substrate and the 

mixture layer or between the mixture layer and the metallic 

15 recording layer can contribute to providing a better shape of 
holes formed upon irradiation with a laser beam besides the 
stabilization of the metallic recording layer - 

The first stabilizing layer is made of a metal oxide r 
preferred examples of which include oxides of such elements as 

20 Be, B, Mg, Al, Si, Ga, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Li, 
Zn, Ge, As, Sr, Y, Zr, Nb, Te r Ru, Rh, Pd, Ag, In, Sn, Sb, Ba f Ce, 
La, Hf,*Ta, Re, Ir, Tl, Pb, Bi, Dy, Er, Gd, Nd, Pr and Sm. 
More preferred are oxides of elements such as Si, Al, Ge r Sb, 
Zr, Ta, Bi, Pb, Zn, Li, Mg, Ti, La, Ce, Y, Dy, Er, Gd, Hf, Sm, 

25 Cr, Nd and Pr* Especially preferred examples of metal oxides 

include Si0 2 , A1 2 0 3 , GeQ 2 , Sb 2 0 3 , Zr0 2 , Ta 2 0 3 , Bi 2 0 3 , PbO, ZnO, 
Li 2 0, MgO, Ti0 2 , La 2 0 3 , Ce0 2 , Y 2 0 3 , Dy 2 ° 3 ' Er 2°3' Gd 2°3' Hf °2 r 
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Sm 2°3 and Cr 2°3" 

In order to obtain a recording material capable of provid- 
ing a better shape of holes upon irradiation of a laser 
beam and having a better storage stability and archivability , 
it is desirable to form the first stabilizing layer in the 
form of a double-layer structure made of two layers different 
in kind of metal oxide. 

The first stabilizing layer of the metal oxide can be 
formed by a conventional thin film-forming technique such as 
vacuum evaporation-deposition, sputtering, ion-plating or 
plasma deposition. The first stabilizing layer can also be 
formed by reactive sputtering in which air , oxygen or oxygen- 
argon is introduced in the sputtring atmosphere and*a plurality 
of targets containing different single metals or a target 
containing two or more kinds of metals is used. Depending 
upon the kind of thin fiJjn-forraing technique employed, a suboxide corre- 
sponding to the metal oxide may be formed in the stabilizing metal oxide 
layer in the course of thin film formation. ' For exanple, when a metal oxide 
such as Ge0 2 is to be deposited by electron beam evaporation 
under a high vacuum to form a metal oxide layer, GeOx (x=l to 
2), which is formed by partial decomposition of Ge0 2 , may 
occasionally be contained in the resulting stabilizing metal 
oxide layer. However, the presence of suboxide is permissible 
so long as it presents substantially no problems for the pur- 
puse of the present invention. In order to prevent such forma- 
tion of suboxide during the deposition of an stabilizing metal 
oxide layer, the deposition may be conducted in a low-vacuum 
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atmosphere into which air, oxygen or the like is leaking. 

The thickness of the first stabilizing layer may be 
varied depending on the kind of metal oxide formed. However, 
in general, if the metal oxide layer is too thick, cracks are 
5 apt to develop in the metal oxide layer. It is therefore * 
preferred that the thickness, of the stabilizing metal oxide 
layer be 10 to 10,000A, more preferably 20 to 300A. 

The second stabilizing layer that may optionally be pro- 
vided between the metallic recording layer and the mixture 

10 layer or on the mixture layer in the case of the mixture layer 

provided over the metallic recording layer is made of a metallic 
compound, preferred examples of which include oxides, nitrides 
and fluorides of Be, B, Mg, Al, Si, Ga, Ca, Sc, Ti,*V, Cr, Mn, Ce, 
Pe, Co r Ni, Cu, Zn, Ge, As, Sr, Y, Zr, Nb, Te, Ru, Rh, Pd, Ag, 

15 In, Sn, Sb, Ba, La, Hf, Ta, Re, Ir, Tl, Pb, Bi, Dy, Er, Gd, Li, 
Nd, Pr or Sm. Wore preferred are oxides, nitrides and fluorides 
of Al, Ge, Zr, Si, Ti , Ce, Ta, La, Cr, Y, Dy, Er, Gd, Hf, Sm, 
Bi, Pb, Zn, Li, Mg, Sb, Pr or Nd. 

In order to obtain a recording material capable of provid- 

20 ing a better shape of holes upon irradiation with a 

laser beam and having a better storage stability and archivability, 
it is preferred that the second stabilizing layer has a double- 
layer structure made of two layers different in kind of metallic 
compound. This stabilizing layer of the metallic compound can 

25 be formed in the same manner as in the formation of the first 
stabilizing layer of metal oxide. The thickness of the second 

o 

stabilizing layer is preferably in the range of 10 to l,OO0A, 
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more preferably 20 to 300A. 

The recording material of the present invention may 
further comprise a transparent outermost protective layer for 
preventing a mechanical damage. The transparent protective 
5 layer may comprise an organic polymer as either the main or 
the sole component. 

As examples of organic polymers that may be used in the 
transparent protective layer, there can be mentioned polyvinyl - 
idene chloride , Copolymers of vinylidene chloride and acrylo- 

10 nitrile, polyvinyl acetate, polyimides, polyvinyl cinnamate, 

polyisoprene, polybutadiene , polystyrene, polymethyl methacry- 
late, polyure thanes, polyvinyl butyral, f luororubbers , polyamides, 
polyesters, epoxy resins, cellulose acetate and terpolymers of 
vinyl acetate-vinyl butyral- vinyl alcohol; modified polymers 

15 thereof; and copolymers of monomer units of the above polymers. 
They may be used either alone or in mixture. Polyesters^ 
fluororubbers and terpolymers of vinyl acetate-vinyl butyral- 
vinyl alcohol are especially prefer red . 

A silicone oil, an antistatic agent r and a crosslinking 

20 agent for improving film strength and antistatic properties 
may be added to the organic polymer for the transparent pro- 
tective, layer. If desired, the transparent protective layer 
may be of a multilayer structure. 

The transparent protective layer can be formed by the 

25 coating of a coating composition containing an organic polymer 
dissolved in a suitable solvent, or by the lamination of a 
thin film of an organic polymer. The thickness of the trans- 
parent protective layer is preferably in the range of 0.1 to lOp. 
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The recording material according to the present invention 
are excellent in sensitivity , storage stability and archiva- 
bility as well as shape of holes to be fonred upon irradiation with 
a laser beam and, hence, S/N ratio. 

Since the recording material of the present invention has 
a capability of forming thereon a minute pattern upon irradia- 
tion with a laser beam either from the side of the substrate 
or from the side remote from the substrate, the material, after 
subjected to pattern formation, can also be used as a mask 
through which a photoresist composition is exposed to light 
to form a resist useful in the production of a master plate for 
a replica of video disk. 

The following Examples illustrate the present invention 
in more detail but should not be 'construed as limiting the 
scope of the invention. In the following Examples, the term 
"packing ratio" is intended to mean a volume percentage of a 
metal dispersed in a mixture layer. 
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Example 1 and Comparative Example 1 

A smooth surface-having polymethyl methacrylate disk of 
30 cm in diameter prepared by casting was so set in vacuum 
deposition equipment that the disk could be rotated in the 
5 center portion of the equipment. The equipment included three 
heating vaporization boats and an electron beam vacuum evapora- 
tion apparatus having five crucibles. Bi f Sn and Au were sepa- 
rately put in the heating vaporization boats, and Sm 2 0 3 and 
MgO were separately put in two of the crucibles of the electron 
10 beam vacuum evaporation apparatus. " After the equipment was 

pumped down to a vacuum of 2 x 10~ 6 Torr, a lOOA-thick film of 

° o 

Szn 2°3' a 300A -thi_ck film of Bi and a lOOA-thick film of Sn were 
deposited in sequence on the disk being rotated at £20 rpra. 
MgO and Au were subsequently co-evaporation-deposited thereon 

15 to form a uniform mixture layer having a thickness of 30 OA and 
a packing ratio of 0.3. The thickness of a film or layer being 
deposited on the disk was monitored by means of a quartz oscil- 
lator , and controlled . automatically in the order of the materials 
to be deposited in sequence in accordance with a program. The 

20 deposition of all the above-mentioned films was completed in 
about 2 minutes. All through the vacuum evaporation, the 
vacuum .of the equipment was 2-3 x 10~ 6 Torr except that the 
vacuum was of the order of 4 x 10~ 6 Torr at the initial stages 
of the oxide deposition. No positive heating of the disk was 

25 conducted during the vacuum evaporation, and substantially no 
increase in temperature of the disk was observed. 

A semiconductor laser beam modulated to have a pulse width 
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of 500 nsec was condensed to 1 p in beam diameter by, means of 
a lens, and applied to the metallic recording layer of the so 
prepared recording disk being rotated at 450 rpra to effect 
recording. Elliptical holes of about 1 ja in length of minor 
5 axis were formed in the areas where the metallic recording 

layer was irradiated with the laser beam whose intensity ex- 
amined at the surface of the recording disk was at least 4 mW (threshold ; 
intensity) - Using the resulting disk, a C/N ratio ("carrier- 
to-noise ratio" which can be converted to- "S/N ratio") was 

10 examined by means of a spectrum. analyEer to which a l.MHz 

standard signal had been given, and found to be about 40 dB. 

A comparative recording disk was prepared in substantially 
the same manner as described above except that the mixture 
layer of MgO and Au was omitted. The threshold intensity of 

15 a laser beam capable of producing a hole in the recording layer 
of the comparative recording disk was examined and found to be 
9 mW. The C/N ratio of the disk was about 25 dB. 

Example 2 and Comparative Example 2 

o 

20 In substantially the same manner as in Example l r a 100A- 

thick film of A1 2 0 3 , a lOOA-thick film of Ge0 2 , a 200A-thick 
film of Bi, a 200A-thick film of Sn and a lOOA-thick film of 
GeO^ were deposited in sequence on a polymethyl methacrylate 
disk as used in Example 1 under a vacuum of 2 x 10~ 6 Torr. 

o 

25 Then, a 50 OA- thick mixture layer of A1 2 0 3 and Ge having a pack- 
ing ratio of 0.3 was co-evaporation-deposited thereon to obtain 
a recording disk according to the invention. The threshold 
intensity of a laser beam capable of producing a hole in the 
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recording layer of the disk (sensitivity) was examined in the 
same manner as in Example 1, and found to be 3.5 mW. The holes 
recorded on the recording disk had an excellent shape or pro- 
file. 

A comparative recording disk was prepared in substantially 
the same manner as described, above except that the mixture 
layer of A1 2 0 3 and Ge was omitted and instead, a 0.2 ji-thick 
layer of a polyester resin was formed as an anti-reflection 
layer by the spin coating technique. The sensitivity of the com- 
parative recording disk was 4.5 mW. 

For examining storage stability with the lapse of time, 
both the disks were subjected to an accelerated storage or aging test 
which was carried out at a high temperature and a high relative 
humidity (60°C, 70%; the same conditions as to temperature 
and humidity were employed in other Examples and Comparative 
Examples). The recording disk according to the present inven- 
tion, even after subjected to the test for ten and several days, 
showed no changes in sensitivity and shape of holes formed upon 
irradiation with a laser beam condensed and modulated in the 
^ggjp^BSftrer as in Exalte 1. The comparative re<JHS3±ng disk, 
after subjected to the test for ten and several days, showed 
some decrease in sensitivity and soma disorder in shape of holes 
formed upon irradiation with the same laser beam as employed in 
Example 1. The holes recorded on each of the disk according to 
the present invention and the comparative disk before subjected 
to the test did not show any change in shape by the storage 
test. 
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Example 3 and Comparative Example 3 

In substantially the same manner as in Example 1, a 100A- 
thick film of La 2 0 3 , a 4 00A-thick film of Bi, a lOOA-thick 
film of Ge0 2 , and a 350A-thick co-evaporated mixture film of SiC> 2 and 
5 Ni having a packing ratio of 0.4 were deposited in sequence on 
a polymethyl methacrylate disk' as used in Example 1. under a 
vacuum of 2 x 10~ 6 Torr. Thus, a recording disk which has a 
first or lower l^O.^ stabilizing layer, a Bi metallic recording 
layer, a second or upper Ge0 2 stabilizing layer, and a mixture 

10 layer of Si0 2 and Ni was obtained. * The threshold intensity of 
a laser beam capable of - producing a hole in the recording layer 
of the disk (sensitivity) was examined in the same manner as in 
Example 1, and found to be 3.5 mW. The holes recorded on the 
recording disk were free from disorders in shape or profile. 

15 A comparative recording disk was prepared in substantially 

the same manner as described above except that the mixture layer 
of Si0 2 and Ni was replaced with a l,400A-thick anti- 
reflection layer of Si0 2 . The sensitivity of the comparative 
recording disk was 5.0 mW. The holes recorded on the disk were somewhat 

20 small in size as compared with the holes formed on the record- 
ing disk according to the present invention, and had a somewhat 
disordered edge line. 

Example 4 and Comparative Example 4 
25 In substantially the same manner as in Example l r a 50A- 

thick film of A1 2 0 3 , a 50A-thick film of Ge0 2 , a 300A-thick 

o o 

film of Bi, a 200A-thick film of Sn r a 50A-thick film of GeQ 2 
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and a 400A-thick co-evaporated mixture film of A1 2 C> 3 and Au having a 
packing ratio of 0.5 were deposited in sequence on a polymethyl 
methacrylate disk as used in Example 1. Thus, a recording disk 
which has a first or lower Al 2 0 3 -Ge0 2 stabilizing layer, a Bi- 
Sn metallic recording layer, a second or upper Ge0 2 stabilizing 
layer, and a mixture layer of Al^ and Au was obtained. The 
threshold intensity of a laser beam capable of producing a hole 
in the recording layer of the disk (sensitivity) was examined 
in the same manner as in Example 1, and found to be 3.0 mW. 
The holes recorded on the recording disk were free from disorders 
in shape or profile. 

The recording disk according to the invention, even after 
subjected to a three-week accelerated storage test carried out 
at a high temperature and a high humidity, showed no changes 
in sensitivity and shape of holes formed upon irradiation with 
a laser beam. 

A comparative recording disk was prepared in substantially 
the same manner as described above except that the mixture layer 
of A1 2 0 3 and Au was replaced with a 0 . 2 u-thick film of a poly- 
ester resin formed by the spin coating technique. The sensitiv- 
ity of the comparative recording disk was 4.0 nW. The holes recorded 
on the disk were not so unsatisfactory in shape but had a more disordered 
edge line than the recording disk according to the present invention. 
Example 5 and Comparative Example 5 

In substantially the same manner as in Example 1, a 8 OA- 
thick film of Sm 2 0 3 , a 300A- thick film of Bi, and a 80A-thick 
film of Ge0 2 were deposited in sequence on a polymethyl meth- 
acrylate disk as used in Example 1. Then, Ge0 2 and Cr in the 



SNSDOCIO: <EP 0045183A2_I_> 



.0045183 



-30- 

forin of mixed pellets were co-evaporation-deposited on the 8 OA- 
thick film of Ge0 2 by electron beam evaporation-deposition to form a 
300A-thick mixture film of Ge0 2 and Cr having a packing ratio 
of 0.3. Thus, a recording disk which has a first or lower 
Sm 2 0 3 stabilizing layer, a Bi metallic recording layer, a 
second or upper Ge0 2 stabilizing layer , and a mixture layer of 
Ge0 2 and Cr was obtained. 

The threshold intensity of a laser beam capable of pro- 
ducing a hole in! the recording layer of the disk (sensitivity) 
was examined in the same manner as "in Example 1, and found to 
be 4.0 mW. The holes recorded on the disk were free from dis- 
orders in shape or profile. 

A comparative recording disk was prepared in substantially 
the same manner as described above except that the mixture 
layer of Ge0 2 and Cr was omitted. The sensitivity of the com- 
parative recording disk was 9.0 mW. 

Example 6 and Comparative Example 6 

Bi r Sn, and Au were separately put in the three heating 
vaporization boats in the vacuum deposition equipment and Sm 2 C> 3 , 
MgF 2 , and MgO separately in three of the crucibles of the elec- 
tron beam vacuum evaporation apparatus. After the equipment 
was pumped down to a vacuum of 2 x 10~ 6 Torr, MgO and Au were 
co-evaporation-deposited on a polymethyl methacrylate disk 
being rotated at 120 rpm to form a uniform mixture layer of 
MgO and Au having a thickness of 200A and a packing ratio of 

o o 

0.3. A lOOA-thick film of Sm^O., a 300A-thick film of Bi, a 
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10 OA- thick film of Sn, and a 10 OA- thick film of MgF 2 were sub- 
sequently deposited in sequence on the mixture layer of MgO 
and Au. 

A semiconductor laser beam of 84 0 nm in oscillation wave- 
length modulated to have a pulse width of 500 nsec was condensed 
to have a beam diameter of 1 p by means of a lens, and applied 
through the polymethyl methacrylate substrate (1.1 mm in thick- 
ness) to the metallic recording layer of the thus prepared 
recording disk being rotated at 450 rpm to effect recording. 
Elliptical holes of about 1 p in length of minor axis were 
formed in the areas where the metallic recording layer was 
irradiated with the laser beam. The threshold intensity of a 
laser beam capable of forming a hole, examined at th<* surface 
of the recording disk, was 5 roW. The holes recorded 
15 on the disk were free from disorders in shape or profile. 

A comparative recording disk was prepared in substantially 
the same manner as described above except that the co-evapora- 
• t ion-deposited mixture layer of MgO and Au was omitted. The 
threshold intensity of a laser beam capable of forming a hole 
in the recording layer of the comparative disk, examined at 
the surface of the recording disk, was 9 mW. The 
holes recorded on the disk had a disordered edge line. 



20 



25 



Example 7 and Comparative Example 7 

In substantially the same manner as in Example 6, a 500A- 
thick co-evaporated mixture layer of Si0 2 and Ni having a pack- ■ 
ing ratio of 0.3, a 200A- thick film of Y 2 C> 3 , a 350A-thick film 
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of Sb and a 100A- thick film of GeC^ were deposited in sequence 
on a 1.1 mm-thick polymethyl methacrylate disk under a vacuum 
of 2 x 10 Torr to obtain a recording disk according to the invention. 

In the same manner as in Example 6, a semiconductor 
5 laser beam was condensed to have a beam diameter of 1 ji by 

means of a lens, and applied through the polymethyl methacrylate 
substrate to the metallic recording layer of the thus prepared 
recording disk to effect recording. The threshold intensity of 
a laser beam capable of producing a hole in the metallic record- 

10 ing layer of the disk (sensitivity) was examined and found to 
be 6.0 mW. The holes recorded on the disk were about 1 u in 
length of minor axis and were substantially free from disorders in 
shape or profile. * 

A comparative recording disk was prepared in the same 

15 manner as described above except that the mixture layer of Si0 2 
and Ni was omitted. The sensitivity of the comparative record- 
ing disk was 9 mW. The holes recorded on the disk were also 
about 1 u in length of minor axis, but they had a somewhat 
disordered edge line. 

20 

Example 8 and Comparative Example 8 

In substantially the same manner as in Example 6, a 500A- 
thick co-evaporated mixture layer of A1 2 0 3 and Au having a 
packing ratio of 0.4, a 50A-thick film of Ge0 2 , a 250A-thick 

o o 

25 film of Bi, a 8 OA-thick film of Sn and a 50A-thick film of 

GeC^ were deposited in sequence on a 1.1 mm-thick polymethyl 
methacrylate disk under a vacuum of 2 x 10~ 6 Torr to obtain 
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a recording disk. 

Separately, a comparative recording disk was prepared in 
the same manner as described above except that the mixture 
layer of A^O^ and Au was omitted. 

In the same manner as in Example 6, a semiconductor laser 
beam was condensed to have a beam diameter of 1 ji by means of 
a lens, and applied to the metallic recording layer of each of 
the thus prepared recording disks through the polymethyl meth- 
acrylate substrate to effect recording. In the case of the 
recording disk according to the invention, the threshold inten- 
sity of a laser beam capable of producing a hole in the metallic 
recording layer of the disk (sensitivity) was 5 row, and the 
holes formed had a good elliptical shape. On the other hand, 
in the case of the comparative recording disk, the sensitivity 
was 12 mW, and the holes recorded had a somewhat polygonal 
shape with a disordered edge line and with a more heaped edge 
portion than that in the case of the recording disk according 
to the invention. 

For examining storage stability, both the disks were sub- 
jected to an accelerated storage test which was carried out at 
a high temperature and a high humidity. The recording disk 
according to the invention, even after subjected to the test 
for ten and several days, showed no deterioration in sensitiv- 
ity and shape of holes formed upon irradiation with the laser 
25 beam as employed above. The comparative recording disk, after 
subjected to the test only for several days showed a marked 
decrease in sensitivity and marked disorders in shape of holes 
formed upon irradiation with the laser beam as employed 
above. The holes recorded on each of the disk according to the 
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invention and the comparative disk prior to the storage test 
did not show any changes in shape by the storage test. 

Example 9 and Comparative Example 9 

In substantially the same manner as in Example 6, a 300A- 
thick co-evaporated mixture .layer of Al 2 ° 3 and Cr having a pack- 
ing ratio of 0.5, a lOOA-thick film of Sro 2 0 3 , a 400A-thick film 

o *"* 

of Pb and a lOOA-thick film of Ge0 2 were deposited in sequence 
on a 1.1 mm-thick polymethyl methacrylate disk under a vacuum 
of 2 x 10~ 6 Torr to obtain a recording disk. 

Separately , a comparative recording disk was prepared in 
the same manner as described above except that the mixture 
layer of KL^>^ and Cr was omitted. * 

In the same manner as in Example 6, a semiconductor laser 
beam was condensed to have a beam diameter of 1 ji by means of 
a lens, and applied to the metallic recording layer of each of 
the thus prepared recording disks through the polymethyl meth- 
acrylate substrate to effect recording. In the case of the 
recording disk according to the invention, the threshold inten- 
sity of a laser beam capable of forming a hole in the metallic 
recording layer (sensitivity) was 6.0 mW, and the holes record- 
ed had a good shape almost free from disorders in the edge line. 
On the other hand r the sensitivity of the comparative recording 
disk was 10 mV7, and the holes recorded had a somewhat disordered 
edge line. 

For examining storage stability, -both the disks were subjected 
to an accelerated storage test which was carried out at a high 
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temperature and a high humidity. The recording disk according 
to the invention, even after subjected to the test for twenty 
days, showed substantially no deterioration in sensitivity and 
shape of holes formed upon irradiation with the laser beam as 
employed above. The comparative recording disk r after subjected 
to the test only for two or three days, showed a marked de-r 
crease in sensitivity and marked disorders in shape of holes 
formed upon irradiation with the .laser beam as employed 
above. Formation of pinholes was also observed in the compara- 
tive recording disk subjected to the storage test 
for two or three days, while formation of pinholes was hardly 
observed in the recording disk according to the invention 
a'fter subjected to the storage test for twenty days?- 

Example 10 and Comparative Example 10 

In substantially the same manner as in Example 6, a 500A- 
thick co-evaporated mixture layer of Ge0 2 and Bi having a pack- 
ing ratio, of 0.2, a 10 OA— thick film of La 2 0 3 , a 250A-thick film 
of Bi, a 50A-thick film of Sn, a lOOA-thick film of Bi and a 
lOOA-thick film of Ge0 2 were deposited in sequence on a 1.1 mm- 
thick polymethyl methacrylate disk under a vacuum of 2 x 10~ 6 
Torr to obtain a recording disk according to the invention. 

A comparative recording disk was prepared in the same 
manner as described above except that the mixture layer of 
Ge0 2 and Bi was omitted. 

In the same manner as in Example 6, a semiconductor laser 
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beam was condensed to have a beam diameter of 1 ji by means of 
a lens; and applied to the metallic recording layer of each of 
the thus prepared recording disks through the polymethyl meth- 
acrylate substrate to effect recording. In the case of the 
recording disk according to the invention , the threshold inten- 
sity of a laser beam capable, of forming a hole in the metallic 
recording layer of the disk (sensitivity) was 4.0 mW, and the 
holes formed were practically elliptical in shape and almost 
free from disorders in the edge line. On the other hand, in 
the case of the comparative recording disk, the sensitivity 
was 8.5 mW, and the holes formed had a disordered edge line. 

Example 11 and Comparative Example 11 * 

In substantially the same manner as in Example 6, a 100A- 

o 

thick film of A1 2 C> 3 , a 300A-thick co-evaporated mixture layer 
of Ge0 2 and Ag having a packing ratio of 0.3, a 350A-thick 
film of Bi (metallic recording layer) and a lOOA-thick film of 
Ge0 2 were deposited in sequence on a 1.1 mm-thick polymethyl 
methacrylate disk under a vacuum of 2 x 10" 6 Torr to obtain a 
jording disk according t<^:he invention. 

A comparative recording disk was prepared in the same 
manner as described above except that the mixture layer of 
Ge0 2 and Ag was replaced with a 300A-thick layer of Ge0 2 . 

In the same manner as in Example 6 , a semiconductor laser 
beam was condensed to have a beam diameter of 1 ji by means of 
a lens, and applied to the metallic recording layer of each of 
the thus prepared recording disks through the polymethyl meth- 
acrylate substrate to effect recording. In the case of the 
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recording disk according to the invention, the thresold inten- 
sity of a laser beam capable of forming a hole in the metallic 
recording layer (sensitivity) was 5.0 mW, and the holes formed 
had a good elliptical shape almost free from disorders in the 
edge line. On the other hand, in the case of the comparative 
recording disk, the sensitivity was 10.5 mW, and the elliptical 
holes formed had a disordered edge line. 

Example 12 and Comparative Example 12 

In substantially the same manner as in Example 6, a 300A- 
thick co-evaporated mixture layer of Sm 2 0 3 and Au having a packing 
ratio of 0.4, a 250A-thick film of Bi and a 150 A - thick film 
of Sn ( metallic recording layer ), and a 50A-i!hick film of 
Ge0 2 were deposited in sequence on a 1.1 mm-thick polymethyl 
15 methacrylate disk under a vacuum of 2 x 10" 6 Torr to obtain a 
recording disk according to the invention. 

A comparative recording disk was prepared in the same 
manner as described above except that the mixture layer of 
Sm 2 0 3 and Au was replaced with a 300A-thick layer 'of Sm 2 0 3 - 

In the same manner as in Example 6, a semiconductor laser 
beam was condensed to have a beam diameter of 1 p by means of 
a lens, and applied to the metallic recording layer of each of 
the thus prepared recording disks through the polymethyl meth- 
acrylate substrate to effect recording. In the case of the 
recording disk according to the invention, the threshold inten- 
sity of a laser beam capable of forming a hole in the metallic 
recording layer of the disk (sensitivity) was 4.5 mW, and the 
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holes formed had a good elliptical shape almost free from dis- 
orders in the edge line. On the other hand, in the case of 
the comparative recording disk, the sensitivity was 9.0 mW, 
and the elliptical holes formed had a somewhat disordered edge 
line. 

Example 13 

Bi, Sn, and Au were separately put in the three heating 
vaporization boats of the vacuum deposition equipment and MgO 
in one of the crucibles of the electron beam vacuum evaporation 
apparatus. After the equipment was pumped down to a vacuum of 
2 x 10 6 Torr, MgO and Au were co-evaporation-deposited on a 
polymethyl methacrylate disk being rotated at 120 r^m to form 
a uniform mixture layer of MgO and Au having a thickness of 

o o 

50 OA and a packing ratio of 0.2. A 25 OA- thick film of Bi 
and a 10 OA— thick film of Sn 

( metallic recording layer ), and a 500A-thick co- 
evaporated mixture layer of MgO and Au having a packing ratio 
of 0.5 were subsequently deposited in sequence on the mixture 
layer of MgO and Au to obtain a recording disk according to 
the invention. 

Using the recording disk thus prepared, recording was 
effected in the same manner as in Example 1. The threshold 
intensity of a laser beam capable of forming a hole, examined 
at the surface of the recording disk, was 3 mW. 
The holes recorded on the disk were free from disorders in 
shape or profile. 
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A laser beam condensed by means of a lens but having an 
intensity not exceeding the threshold intensity (sensitivity 
of the recording disk) was subsequently applied to the record- 
ing disk while auto- focus sing and auto- tracking the condensed 
laser beam on the recording disk to effect readout of the 
information recorded. The reflectivities of the recording 
disk in the opening areas (holes) and in the non-opening areas 
were examined by means of a light sensor and found to be 40% 
and 5%, respectively. 

Another recording disk according to the invention was 
prepared in the same manner as described above except that the 
lower mixture layer of MgO and Au was replaced with a 500A- 
thick film of MgO. The sensitivity of this recordirfg disk was 
examined in the same manner as described above/" and found to 
15 be the same (3.0 mW) as that of the recording disk described 
above, and the holes recorded on this recording disk also had 
an elliptical shape in good order. But the reflectivities of 
this recording disk in the opening areas and the non-opening 
areas were 30% and 5%, respectively. 
20 ^HllSE^fe 8 ^ ifc could b<«Dnfir^d that the ref lect^hv of each 
of the recording disks in the opening areas is greater than 
that in the non-opening areas , and that information is reversely 
recorded on each of the disks. it could also be confirmed that 
the two mixture layers having different packing ratios and 
25 respectively provided on and beneath the metallic recording layer 
enabled the recording disk to realize a high reflectivity difference or 
contrast in the readout of information recorded as conpared with the only 
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one mixture layer provided on the metallic recording layer. 
Example 14 

In substantially the same manner as in Example 13 , a 

o 

300A-thick co-evaporated mixture layer of A1 2 C> 3 and Ge having a 
packing ratio of 0.5, a 50A-thick film of Ge0 2 , a 400A-thick 

O 

film of Bi, and a 300A-thick co-evaporated mixture layer of 
A1 2°3 and Cr havin 9 a packing ratio "of 0-2 were deposited in 
sequence on a polyme thy 1 methacry late disk under a vacuum of 
2 x 10 6 Torr. Thus, a recording disk which has a first or 
lower mixture layer of A1 2 0 3 and Ge, a Ge0 2 stabilizing layer, 
a Bi metallic recording layer, and a mixture layer* of Al-O and 
Cr was obtained- * 

The threshold intensity of a laser beam capable of pro- 
ducing a hole in the recording layer of the disk (sensitivity) 
was examined in the same manner as in Example 13, and found to 
be 4.5 row. The holes recorded on the recording disk had a good 
elliptical shape free from disorders in the edge line. ' In the 
readout of the information recorded, the reflectivities 

of the recording disk in the opening areas and the non-opening 
areas were 8% and 50%, respectively. 

Another recording disk according to the invention was 
prepared in substantially the same manner as described above 
except that the lower mixture layer of Al-0, and Ge was replaced 

o 

with a 30 OA-thick layer of Al 2 C> 3 . The sensitivity of this re- 
cording disk was 4.5 mW, and the holes recorded on this recording 
disk had a good elliptical shape free from disorders in the 
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edge line, i n the readout of the information recorded, 
however, the reflectivities of this recording disk in the open- 
ing areas and the non-opening areas were 15% and 45% r respec- 
tively. 

It was confirmed that, unlike in the case of Example 13, 
the reflectivity of each of the recording disks in the opening 
areas was smaller than that in the non-opening areas, and that 
the reversal of readout of information did not take place. It also 
was confirmed that the two mixture layers differing in conbina- 
tion of kinds of metal and metallic compound and in packing 
ratio and respectively provided on and under the metallic 
recording layer enabled the recording disk, to realize a high reflectivity 
difference or contrast in the readout of the recorded information as compared 
with the only one mixture layer provided on the metallic re- 
cording layer. 

Example 15 

In substantially the same manner as in Example 13, a 

© 

20 OA- thick co-evaporated mixture film of A1 2 0 3 and Cr having 
a packing ratio of 0.7, a 50A-thick film of Ge0 2 , a 250A- thick 
film of Bi, a 50A-thick film of Sn, a lOOA-thick film of Bi 
and a 50 OA-thick co-evaporated mixture film of A1 2 0 3 and Cr 
having a packing ratio of 0.2 were deposited in sequence on a 
transparent polymethyl methacrylate disk as used in Example 
13. Thus, a recording disk which has a first mixture layer of 
A1 2 °3 and Cr * a first stabilizing layer of Ge0 2 , a metallic 
recording layer comprised of two Bi layers and an Sn layer 
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therebetween, and a second mixture layer of A1 2 0 3 and Cr was 
obtained. 

Using the recording disk, recording was carried out in 
substantially the same manner as in Example 1 except that the 
5 laser beam was applied through the polymethyl methacrylate 

substrate. The threshold intensity of a laser beam capable of 
producing a hole in the recording layer of the disk (sensitivity) 
was 3*5 mW. The holes formed in the recording disk upon irradi- 
ation with the laser beam had a good elliptical shape almost 

10 free of disorders in the edge. line. The reflectivities in the opening 

areas and the non-opening areas of the recording disk in the read- 
out of the information stored were examined in the same manner 
as in Example 13 except that the laser beam was applied through 
the substrate , and found to be 40% and 10% , respectively. 

15 Another recording disk was prepared in substantially the 

same manner as described above except that a 50 OA-thick film 
of A ^2°3 was de P osited instead of the second mixture layer. 
Using this recording disk, recording and readout of infor- 
mation were carried out in the same manner as described above. 

20 The threshold intensity of a laser beam capable of forming a 
hole in the recording layer of the disk was 3.5 mW, and the 
holes formed upon irradiation with the laser beam had a good 
shape. The refrectivities in the opening areas and the non- 
opening areas of the recording disk in the readout of the infor- 

25 mation stored were 30% and 10%, respectively. 
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It was confirmed that reversal recording wherein the 
reflectivity in the opening areas was greater than that in the 
non-opening areas took place in the recording disks prepared 
in this Example by the application of the laser beam through 
the substrate, and that the metallic recording disk having the 
two mixture layers differing, in thickness and packing ratio and 
respectively provided on the lower and upper sides of the metal- 
lic recording layer gave high contrast recording as compared 
with the recording disk having only the first or lower mixture 
layer. 

Example 16 

In substantially the same manner as in Example 13, a 
300A-thick co-evaporated mixture film of A1 2 0 3 and Cr having a 
packing ratio of 0.2, a 300A-thick film of Bi, a 200A-thick co- 
evaporated mixture film of Al^ having a packing ratio of 0.7, 
and Cr and a 200A-thick film of Ge0 2 were deposited in sequence 
on a polymethyl methacrylate disk as used in Example 13. Thus, 
a recording disk which has a first mixture layer of A1 2 0 3 and 
Cr, a metallic recording layer of Bi, a second mixture layer 

° f A1 2°3 and Cr and a second stabilizing layer of Ge0 2 was 
obtained. 

The threshold intensity of a laser beam capable of pro- 
ducing a hole in the recording layer of the disk (sensitivity) 
was examined in the same manner as in Example 15, and found to 
be 4.5 mW. The holes formed in the recording disk upon irradi- 
ation with the laser beam had a good shape! The reflectivities 
in the opening areas and the non-opening areas of the recording 
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disk in the readout of the information stored were examined in 
the same manner as in Example 15, and found to be 6% and 40% r 
respectively. 

Another recording disk was prepared in the same manner as 

described above except that a 200A-thick film of Al-O. was 

deposited instead of the second mixture layer of Al 0 and Cr. 

2 3 

Using this recording disk, recording and readout of infor- 
mation were carried out in the same manner: as described above. 
The sensitivity of .this recording disk was 4.5 mW. ' The reflec- 
tivities in the opening areas and the non-opening areas of this 
recording disk were 13% and 40% , respectively. 

From the above results, it was confirmed that reversal 
recording did not take place in the recording disks ^prepared 
in this Example, and that the metallic recording disk having 
the two mixture layers differing in thickness and packing ratio 
and respectively provided on the lower and upper sides of the 
recording layer gave high contrast recording as compared with 
the recording disk having only the first mixture layer. 

Example 17 

In substantially the same manner as in Example 13, a 

O o 

lOOA-thick film of Al 2 0 3 , a 300A-thick co-evaporated mixture 
film of Si0 2 and Ni having a packing ratio of 0.5, a 200A-thick 

O o 

film of Pb, a 200A-thick film of Sn, a 300A-thick co-evaporated 
mixture film of Si0 2 and Ni having a packing ratio of 0.2 and 

o 

a lOOA-thick film of A1 2 <D 3 were deposited in sequence on a 
polymethyl methacrylate disk as used in Example 13. Thus, 
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a redording disk which has a first stabilizing layer of Al^, 
a first mixture layer of Si0 2 and Ni, a metallic recording layer 
comprised of a Pb layer and an Sn layer, a second mixture layer 
of Si0 2 and Ni and a second stabilizing layer of A1 2 0 3 was 
obtained. 

The threshold intensity, of a laser beam capable of pro- 
ducing a hole in the recording layer of the disk (sensitivity) 
was examined in the same manner as in Example 15, and found to 
be 3.0 mw. The reflectivities in the opening areas and the 
non-opening areas of the recording disk in the readout of the in- 
formation stored were also examined in the same manner as in 
Example 15, and found to be 35% and 10%, respectively. 

Another recording disk according to the invention was 
prepared in the same manner as described above except that a 
300A-thick film of SiQ 2 was deposited instead of the second 
mixture layer of Si0 2 and Ni. Using this recording disk, re- 
cording and readout of information were carried out in 
the same manner as described above. The sensitivity of the 
recording disk was 3.0, which was the same as that of the re- 
cording disk described above. The reflectivities in the open- 
ing areas and the non-opening areas of the disk in the readout of 
the information stored was. 25% and 10%, respectively. 

From the above results, it was confirmed that the metallic 
recording disk having the two mixture layers differing only in 
packing ratio and respectively provided on the lower and upper 
sides of the recording layer gave high contrast recording as 
compared with the recording disk having only the first mixture 
layer. 
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Example 18 

In substantially the same manner as in Example 13, a 
lOOA-thick film of GeC> 2 , a 300A-thick co-evaporated mixture film 

of Sm 2 0 and Ag having a packing ratio of 0.2, a 250A-thick , 

\ 

o 0 

film of Bi, a 50A- thick film of In, a lOOA-thick film of GeO^ 

o - <~ 

and a 30 OA- thick co-evaporated mixture film of Sm 2 0 3 and Ag 
having a packing ratio of 0,5 were deposited in sequence on a 
polymethyl methacrylate disk as used in Example 13. Thus, 
a recording disk which has a first stabilizing layer of Ge0 2 , 
a first mixture layer of Sm 2 0 3 and Ag, a metallic recording 
layer comprised of a Bi layer and an In layer, a second stabi- 
lizing layer of GeG 2 and a second mixture layer of Sm 2 0 3 and 
Ag was obtained. * 

The threshold intensity of a laser beam capable of pro- 
ducing a hole in the recording layer of the disk (sensitivity) 
was examined in the same manner as in Example 15, and found to 
be 4.0 mW. The reflectivities in the opening areas and the 
non-opening areas of the recording disk in the readout of the in- 
formation stored were also examined in the same manner as in 
Example 15, and found to be 8% and 4 0%, respectively. 

Another recording disk was prepared in the same manner 
as described above except that a 30 OA-thick film of Sm^O was 
deposited instead of the second mixture layer of Sn^O^ and Ag. 
Using this recording disk, recording and readout of in- 
formation were carried out in the same manner as described 
above. The sensitivity of this recording disk was 4.0 mW, . 
which was the same as that of the recording disk described 
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above. The reflectivities in the opening areas and the non- 
opening areas of this recording disk in the readout of 
the information stored were 15% and 40%, respectively. 

From the above results, it was confirmed that the metallic 
recording disk having the two mixture layers differing only in 
packing ratio and respectively provided on the lower and upper 
sides of the metallic recording layer gave high contrast record- 
ing as compared with the recording disk having only the first 
mixture layer. \ 



Example 19 

In substantially the same manner as in Example 1, a 
300A-thick co-evaporated mixture film of Ge0 2 and Cr having a 
packing ratio of 0.5, a 50A-thick film of Sm^, a 400 A -thick 
film of Bi and a 300A-thick co-evaporated mixture film of Ge0 2 
and Cr having a packing ratio of 0.5 were deposited in sequence 
on a polymethyl methacrylate disk as used in Example 13. 
Thus, a .recording disk which has a first mixture layer of Ge0 2 
and Cr, a first stabilizing layer of Sm.^, a metallic recording 
layer of Bi and a second mixture layer of Ge0 2 and Cr was 
obtained . 

The threshold intensity of a laser beam capable of pro- 
ducing a hole in the recording layer of the disk (sensitivity) 
was examined in the same manner as in Example 15, and found 
to be 3.0 mw. The reflectivities in the opening areas and the 
non-opening areas of the recording disk in the readout of the in- 
formation stored were also examined in the same manner as in 
Example 15, and found to be 35% and 10%, respectively. 
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Another recording disk was prepared in the same manner as 

o 

described above except that a 300A-thick film of Ge0 2 was de ~ 
posited instead of the second mixture layer of Ge0 2 and Cr. 
Using this recording disk, recording and readout of in- 
5 formation were carried out in the same manner as described 
above. The sensitivity of the recording disk was 
3.0 mW, which was the same as that of the recording disk de- 
scribed above. The reflectivities in the opening areas and 
the non-opening areas of the recording disk in the r eado ut of the 
10 information stored were 30% and 10%, respectively - 

From the above results, it was confirmed that, like a 
metallic recording disk having two mixture layers differing in 
packing ratio and respectively provided on the lowetf and upper 
sides of a metallic recording layer, the metallic recording 
15 disk having the two mixture layers each having the same thick- 
ness and the same packing ratio and respectively provided on 
the lower and upper sides of the metallic recording layer gave 
high contrast recording as compared with the recording disk 
having only the first mixture layer. Further, the metallic 

wordin g disk havipx^ the jg$o mixture layers a <^Ld be compared 
advantageously in shape of a hole formed upon irradiation of 
the laser beam with the recording disk having only the first 
mixture layer, 

25 Example 20 

In substantially the same manner as in Example 

o 

13, a 200A-thick co-evaporated mixture film of Ti0 2 
and Ci" having a packing ratio of 0.7, a 50A- thick film of 
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GeC 2 , a 350A-thick film of Bi, a 50A-thick film of Pb, a 50A- 
thick film of Ge0 2 and a 400A-thick co-evaporated mixture film 
of TiQ 2 and Cr having a packing ratio of 0.2 were deposited in 
sequence on a polymethyl roethacrylate disk as used in 
Example 13. Thus, a recording disk which has a first mixture 
layer of TiCX, and Cr, a first stabilizing layer of GeO.,, a 
metallic recording layer comprised of "a Bi layer and a Pb layer, 
a second stabilizing layer of Ge0 2 and a second mixture layer 
of Ti0 2 and Cr was obtained. 

The threshold intensity of a laser beam capable of pro- 
ducing a hole in the recording layer of the disk (sensitivity) 
was examined in the same manner as in Example 15, and found to 
be 3.3 mw.. The relfectivities in the opening areas *and the 
non-opening areas of the recording disk in the readout of the in- 
formation stored were also examined in the same manner as in 
Example 15, and found to be 38% and 10%, respectively. 

Another recording disk was prepared in the same manner as 
described above except that the second mixture layer was changed 
in packing ratio from 0.2 to 0.7, which was the same as that 
of the first mixture layer. Using this recording disk, record- 
ing and readout of information were carried out in the 
same manner as described above. The sensitivity of this record- 
ing disk was 3.8 mw. The reflectivities in the opening areas 
and the non-opening areas of this recording disk in the readout of 
the information stored were 30% and 10%, respectively. A 
slight decrease in sensitivity of this disk against the disk 
with the two mixture layers was believed to be due to the 
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increased rate of heat transfer from the metallic recording 
layer to the second mixture layer owing to the increased pack- 
ing ratio of the second mixture layer. 

Prom the above results, it was found that it is prefered 
for high contrast reversal recording by laser beam ablation 
through a transparent substrate that a recording disk be pro- 
vided with two mixture layers differing in packing ratio in 
such a way that a mixture layer having a higher packing ratio 
is on the same side of the metallic* recording layer as is to 
be irradiated with a laser beam and the other having a lower 
packing ratio is on the opposite side. 

Example 21 -s- 

A recording disk was prepared according to substantially 
the same procedures as in Example 1. Specifically, a 200A- 
thick mixture film of A1 2 0 3 and Ge having a packing ratio of 
0.5 was co-evaporation-deposited as a mixture layer _on a 
transparent polymethyl methacrylate disk as used in 
Example 1. A lOOA-thick film of Sm 2 C> 3 was evaporation- 
deposited as a first stabilizing layer on the deposited Al-O-- 
Ge film. Then, Sb and Bi were evaporation-deposited in se- 
quence as a metallic recording layer on the deposited Sm O 

2 3 

film to form a 40 OA-thick film of an Sb-Bi alloy containing 
20% Sb in number of atoms. Finally , a 50A-thick film of Ge0 2 
was evaporation-deposited as a second stabilizing layer on 
the deposited Sb-Bi alloy film. 

Using the recording disk thus prepared, recording and 
readout of information were carried out in the same manner 
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as in Example 13, Elliptical holes of about 1 p. in length of 
minor axis were formed in the area where the metallic record- 
ing layer v/as irradiated with the laser beam. The holes formed 
had no disordered edge line. The threshold intensity* of a 
5 laser beam capable of producing a hole in the recording layer 
of the disk (sensitivity) , examined at the surface of the re- 
cording disk, was 4 mW. With respect to the recording disk, 
a C/N ratio was examined by means of a spectrum analizer to 
which a 1 MHz standard signal had been given, and found to be 
10 45 dB. 

Another recording disk was prepared in the same manner 
as described above except that the metallic recording layer 
of Sb-Bi was changed in Sb content from 20% to 8% in* number 
of atoms. In the case of this recording disk, the sensitivity 

15 and the C/N ratio examined in the same manner as described 

above were 4 mW and 40 dB, respectively- With respect to C/N 
ratio, the recording disk having the metallic recording layer 
containing 8% Sb in number of atoms was somewhat inferior to 
the recording disk having the metallic recording layer con- 

2 0 C BErigfrfe3tt»-&b in number atortff^ jima. 



Example 22 

A recording disk (22— A) was prepared according to sub- 
stantially the same procedures as in Example 1. Specifically, 

o 

25 a 30 OA-thick co-evaporated Ge0 2 -Cr mixture film with a packing 

o 

ratio of 0.3 and a 50A-thick film of I*a 2 0 3 were deposited in 
sequence on a polymethyl methacrylate disk as used in 
Example 1. Then, Bi, Sn and Sb were evaporation-deposited in 
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sequence on the deposited La^^ film so that a 35 OA-thick 
alloyed Bi-Sn-Sb metallic recording layer whose Sb content was 
25% in number of atoms and whose Bi content was 70% in number 

o 

of atoms could be formed. Finally , a 50A-thick film of Ge0 2 
5 was evaporation-deposited on the deposited Bi-Sn-Sb alloy 
film. 

Another recording disk (22-B) was prepared in the same 
manner as described above except that the Sb content and Bi 
content of the Bi-Sn-Sb metallic recording layer were varied 

10 to be 5% and 70% in number of atoms, respectively. 

Still another recording disk (22-C) was also prepared in 
the same manner as described above except that the Sb con- 
tent and Bi content of the Bi-Sn-Sb metallic recording layer 
were varied to be 25% and 40% in number of atoms, respectively. 

15 With respect to each recording disk, the threshold in- 

tensity of a laser beam capable of producing a hole in the 
recording layer of the disk (sensitivity) and the C/N ratio 
were examined in the same manner as in Example 21. In the 
case of the recording disk (22-A) , the sensitivity and the C/N 

20 ratio were 3.8 mW and 47 dB, respectively. In the case of the 
recording disk (22-B) , the sensitivity and the C/N ratio were 
3-5 mW and 39 dB, respectively. In the case of the recording 
disk (22-C) , the sensitivity and the C/N ratio were 4.5 mW and 
38idB, respectively. Thus, the recording disk (22-A) had the 

25 best recording characteristics. 

Example 23 

A recording disk (23-A) was prepared according to 
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substantially the same procedures as in Example 1. Specif i- 
© 

cally, a 15 OA-thick co-evaporated Al 2 0 3 ~Sn mixture film with 
a packing ratio of 0.6; a 70A-thick film of ^ 2 °3' a 300A ~ 
thick co-evaporated Bi-Sb alloy film with an Sb content of 18% 

o 

5 in Jiumber of atoms and a 50A-thick film of Al-O were deposited 
in sequence on a polyroethyl methacrylate disk as used 
in Example 1. 

A recording disk (23-B) was prepared in the same manner 
as described above except that the Sb content of the Bi-Sb 
10 metallic recording layer was varied to be 35% in number of 
atoms . 

With. respect to each recording disk, the threshold 
intensity of a laser beam capable of producing a hote in the 
recording layer of the disk (sensitivity) and the C/N ratio 

15 were examined in the same manner as in Example 21. In the 
case of the recording disk (23-A) , the sensitivity and the 
C/N ratio were 4.2 mW and 44 dB, respectively. In the case 
of the recording disk (23-B) , the sensitivity and the C/N 
ratio were 5.0 mW and 35 dB, respectively. Thus, the record- 

20 ing disk (23-A) had better recording characteristics than the 
recording disk (23-B) . 



25 
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CLAIMS : 

1. A recording material comprising a substrate, 

a metallic recording layer supported by said substrate, 
and at least one layer of a mixture of a metallic 
compound and a metal, said at least one mixture layer 
being provided on at least one side of said metallic 
recording layer. 

2. A recording material according to claim 1, 
wherein said mixture layer is provided on the side 
of said metallic, recording layer remote from said 
substrate, the material further comprising a 
stabilizing layer of a metal oxide provided between 
said substrate and said metallic recording layer. 

3. A recording material . according to claim 2, 
which further comprises a stabilizing layer of a 
metallic compound provided either between said metallic 
recording layer and said mixture layer or on said 
mixture layer. 

4. A recording material according to claim 1, 
wherein said mixture layer is provided between said 
substrate and said metallic recording layer, the 
material further comprising a stabilizing layer of 
a metallic compound provided on said metallic 
recording layer. 

5. A recording material according to claim 4, which 
further comprises a stabilizing layer of a metal oxide 
provided either between said substrate and said mixture 
layer or between said mixture layer and said metallic 
recording layer. 
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6. A recording material according to claim 1, 
which comprises first and second mixture layers 
respectively provided on the sides of said metallic 
recording layer adjacent and remote from said 
substrate. 

7. A recording material according to claim 6, which 
further comprises a stabilizing layer of a metal oxide 
provided either between said substrate and said first 
mixture layer or between said first mixture layer and 
said metallic recording layer. 

8. A recording material according to claim 6 or 7 , 
which further comprises a stabilizing layer of a metallic 
compound provided either between said metallic recording 
layer and said second mixture layer or on said second 
mixture layer. 

9. A recording material according to any one of 
claims 1 to 8, wherein said mixture layer comprises at 
least one metallic compound selected from oxides and 
fluorides of Be, B, Mg, Al f Si f Ca, Sc, Ti r V, Cr , Mn f 
Fe, Co, Ni r Cu, Zn, Ga, Ge, As , Sr, Y , Zr, Nb, Tc, Ru, 
Rh, Pd, Ag r In, Sn, Sb, Ba, La, Hf, Ta, Re, Ir, Tl, 
Pb, Bi, Dy, Er, Gd, Nd, Pr, Ce, Mo, W, Te and Sm. 

10. A recording material according to any one of 
claims 1 to 9 , where in said mixture layer comprises 

at least one metal selected from Al, Si, Sc, Ti,. V, Cr, 
Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, As, Sr, Y, Zr, Nb, 
Tc, Ru, Rh, Pd, Ag, In, Sn, Sb, La, Hf, Ta, Re, Ir, 
Tl, Pb, Bi, Dy, Er, Gd, Nd, Pr, Sm, Mo, Au, Pt, W, 
Se and Te. 
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ii . A recording material according to any one of 
claims 1 to 10/ wherein said metallic recording layer 
comprises at least one metal selected from In, Bi, 
Sn f Zn, Pb, Mg, Au, Ge f Ga, Tl, Cd, Sb, Rh f Se, Te, 
Al and alloys thereof. 

12. A recording material according to claim 2, 5 
or 7, wherein said stabilizing layer of the metal 
oxide comprises at least one oxide of a metal 
selected from Be, B, Mg, Al, Si, Ga, Ca, Sc, Ti, V, 
Cr, Mn, Fe, Co, Ni, Cu, Zn, Ge, As, Sr, Y, Zr, Nb, 
Te, Ru, Rh, Pd, Ag, In, Sn, Sb f Ba, La, Hf, Ta, Re, 
Ir, Tl, Pb, Bi, Dy, Er, Gd, Nd, Pr and Sm. 

13. A recording material according to claim 3, 4 
or 8 r wherein said stabilizing layer of the metallic 
compound comprises at least one compound selected 
from oxides, nitrides and fluorides of Be, B, Mg, Al, 
Si, Ga, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, 

Ge, As, Sr, Y, Zr, Nb, Te, Ru', Pd,Bh,Ag, In, Sn, Sb, 
Ba, La, Hf , Ta, Re, Ir, Tl, Pb, Bi, Dy, Er, Gd, Nd, 
Pr and Sm. 

14. A recording material according to claim 4, 5,- 
6, 7 or 8, wherein said metallic recording layer 
consists substantially of a bismuth alloy containing 
antimony in an amount of from 16% to 30% in number of 
atoms . 




WSOOCID: <EP. 



00451 83A2_I_> 



0045183 




THIS PAGE BLANK (USPTO) 



Europaisches Patentamt 

® 0)}} European Patent Office © Publication number: 0 045 183 

Office europeen des brevets A3 



© EUROPEAN PATENT APPLICATION 



© Application number: 81303374.3 © | n t. CI. 3 : G 1 1 B 7/24 

® DateoffiHng: 23.07.81 ^ B 41 M 5/24 



© Priority: 25.07.80 JP 102101/80 
11.08.80 JP 110054,30 
27.08.80 JP 118103/80 
18.12.80 JP 179375/80 



© Date of publication of application: 
03.02.82 Bulletin 82/5 

® Date of deferred publication of search report: 14.07.82 

® Designated Contracting States: 
BE DE FR GB IT NL 



© Applicant: Asahi Kasei Kogyo Kabushiki Kaisha 
2-6, Dojimahama 1-chome Kita-ku 
Osaka-shi Osaka 530( JP) 

© Inventor: Mori, Koichi 
353-6, Miyashita 
Fuji-shi Shizuoka-ken(JP) 

© Inventor: Nakao, Masafumi 

Asahi Kasei 5-Ryo, 1 00 Kawanarijima 
Fuji-shi Shizuoka-ken(JP) 

© Inventor: Morimoto, Isao 

Endo-Apart A-33, 68 Aoshima-cho 
Fuji-shi Shizuoko ken(JP) 

© Representative: Blake, John Henry Francis et al, 

BROOKES AND MARTIN High Holborn House 52/54 High 
Holborn 

London WC1 V 6SE{GB) 



© Recording material. 

A recording material for heat mode recording compris- 
ing a substrate (1) and a metallic recording layer (2). further 
comprises at least one layer (5) of a mixture of a metallic 
compound and a metal, preferably on the side of the 
recording layer (2) which is intended to be irradiated with an 
energy source (7). This material has been found to have a 
high sensitivity and a high signal to noise ratio. When the 
recording material further comprises a stabilizing layer (3) of 
{¥) a metal oxide and/or a stabilizing layer (4) of a metallic 
^ compound, the storage stability and archivability can be 
improved, and, in some cases, the signal to noise ratio can 
be further improved. 

00 



FIG I 




O 

o 

Q. 

Ui 



Croydon Prinimp Company Ltd 



0 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



00451 83 

Application number 
EP 81 30 3374.3 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



P,A 



X 



Citation of documenl with indication, where appropriate, of relevant 



DE - A1 - 2 812 868 (RCA) 

* claims 3, 4, 5, 6 * 

DE - A1 - 2 757 737 (RCA) 

* claims 2, 3, 5, 9, 10, 14; page 
9, last paragraph to page 10, 
paragraph 4 * 

DE - A1 - 2 937 679 (HITACHI) 

* claim 1 * 

GB - A - 2 061 594 (RCA) 

* abstract * 



Relevant 
to claim 



1,9 



1,9 



14 



The present search report has been drawn up lor an claims 



CLASSIFICATION OF THE 
APPLICATION (Int CI. 3) 



G 11 B 
B 41 M 



7/24 
5/24 



TECHNICAL FIELDS 
SEARCHED (lnt.CI. 3) 



B 41 M 5/00 
G 11 B 3/70 
G 11 B 7/24 



CATEGORY OF 
CITED DOCUMENTS 



X: particularly relevant if 

taken alone 
Y: particularly relevant if 

combined with another 

document of the same 

category 
A: technological background 
O: non-written disclosure 
P: intermediate document 
T: theory or principle 

underlying the invention 
E: earlier patent document. 

but published on. or alter 

the filing date 
D. document cited in the 

application 
L document cited for other 

reasons 



&: member of the same patent 
family, 

corresponding documenl 



Place ol search 
Berlin 

EPO Form 1503.1 08.78 



Date of completion of the search 

05-04-1982 



Exammer 



R0GN0NI 



WSDOCID: 



<EP 00451 B3A3J_> 



